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Abstract 
 
This Interactive Qualifying Project integrates the themes from Herman Hesse’s The Glass 
Bead Game with the evolutionary study of the human auditory process in order to provide a basis 
for a new musical instrument, the Sound Design Game program. This program utilizes the 
Max/MSP computer language and allows the user to participate in an interactive surround-sound 
musical experience.  
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II. Introduction 
 
The Sound Design Game is a musical instrument and game that allows the user to 
interact, in an intelligent and artistic manner, with a diverse set of audio sources that provide the 
frame for a surround-sound environment. The objective for the user of the game is to merge 
various sounds into new combinations by physically moving them between surrounding 
speakers. The idea for this instrument comes from the concept of the Glass Bead Game, which is 
a central symbol in Hermann Hesse’s fictional work of the same name. The players of the Glass 
Bead Game use their knowledge of the arts and sciences to compete with each other and create 
connections between seemingly unrelated topics, which are equivalent to the given sounds in the 
Sound Design Game. Almost any person can participate in the Sound Design Game because the 
human auditory system already has a natural tendency to organize sounds due to evolution. This 
relates to the behavioral and emotional use of sounds by monkeys and apes, the corresponding 
history of the hominids, and the resultant adaptability of the human brain to perceive sound 
through auditory scene analysis. Lastly, the more practical side of the project is the Max/MSP 
computer code that enables the Sound Design Game to perform all its functions. The computer is 
thus the main interface of the instrument, and the design of the code centers around being user-
friendly. Ultimately, this mixture of art, science, and technology in the Sound Design Game 
potentially provides a starting point for the next path that music can take in the future.      
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III. Background 
i. Similar Projects 
  
 Among existing projects that are similar to the Sound Design Game, the first is a 
surround sound invention that traces back to 2003. The inventor, Robert Morris, is from Delta, 
California, and his invention is a new type of musical instrument that allows the user to create 
sound in a surround sound environment.1 While the overall design specifications of the invention 
are relatively general, Morris describes one example of his invention that uses a Gittler guitar as 
the main means of music generation. The Gittler guitar is an uncommon experimental guitar that 
has a unique minimalistic design and all of its six strings contain pickups.2 In the surround sound 
invention, each pickup of the guitar connects to a digital sound channel that then connects to a 
variety of other devices. These devices include speakers, a joystick that manipulates an 
individual channel’s location among the speakers, and a MIDI (Musical Instrument Digital 
Interface) controller that allows the user to change the output sound’s musical instrument. While 
the user of this invention creates the sounds with the guitar and then manipulates their physical 
locations, the user of the Sound Design Game manipulates the locations of only pre-recorded 
sound clips. 
 
 
 
 
  
                                                 
1 Morris, Robert. "Surround Sound System." Patent US2003/0164085 A1. 4 September 2003. <www.free-
patents.org> 
2 Modern Guitars Staff. "The Minimalist Guitar of Allan Gittler." Modern Guitars Magazine. Tom Watson, 29 May 
2008. Web. 24 Nov. 2010. <http://www.modernguitars.com/archives/004432.html>. 
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A second invention is a musical instrument called the “Abacus,” that uses bottles with 
different amounts of water to create diverse tones. The “Abacus” bases its design off the original 
idea of the Glass Bead Game, where players of the game move glass beads on an abacus-like 
device in order to represent themes and formulas from various academic disciplines.3 With the 
“Abacus,” the inventors are two students from the University of Kaiserslautern and the Music 
Academy of Cologne in Germany, Philipp Juenemann and Oxana Omeltschuk. The students 
hang the bottles of water on a large rack that looks like an abacus and then hit the bottles with 
percussion sticks to produce sound. While this invention uses a literal representation of the Glass 
Bead Game, the Sound Design Game uses the prevalent theme of self-awareness that Hesse 
constantly refers to in his novel.   
  
         
 
                                                 
3 Leopold, Cornelie. "Experiments on Relations between Geometry, Architecture and Music." Journal for Geometry 
and Graphics 9.2 (2005): 169-76. Heldermann Verlag. Norbert Heldermann. Web. 24 Nov. 2010. 
<www.heldermann-verlag.de/jgg/jgg09/j9h2leop.pdf>. 
Figure 1 – Morris’ Surround Sound System. 
The Gittler Guitar is on the left, and each of 
the channels on the right connect to a speaker 
that is part of the surround sound interface.  
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Figure 2 – Here is the “Abacus” Instrument, which belongs to 
inventors Philipp Juenemann and Oxana Omeltschuk. The 
colored water in the bottles helps differentiate the tones.  
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IV. The Glass Bead Game 
i. Plot Summary 
 
The Glass Bead Game4 by Hermann Hesse is a fictional biography about a boy Joseph 
Knecht who grows up in the pedagogic province of Castalia and eventually becomes the 
Magister Ludi, or Master of the Glass Bead Game. The setting takes place a few centuries into 
the future in a European province called Castalia, where the culture has an intellectual base and 
the people focus on scholarly pursuits and on mastering the Glass Bead Game.  Hesse never fully 
describes the Glass Bead Game in the novel, but the game requires the players to have a deep 
knowledge of music, mathematics, and cultural history, and the object is to combine these 
subjects and other arts in distinct and nuanced ways.  
 The story starts with the young orphan Joseph Knecht who is attending an ordinary 
elementary school in Europe. His intelligence and skill at playing the violin immediately make 
him stand out among his peers, and his music teacher highly recommends Joseph as a candidate 
to move to the prestigious boarding schools in Castalia. The Castalian Board of Educators, which 
consists of a Master for each subject area, sends their Music Master to Joseph’s school to test 
Joseph’s abilities. The Master is highly impressed by not only Joseph’s musical technique, but 
also by his bright and modest demeanor. Joseph receives an acceptance into the Castalian entry 
school Erchholz and then afterwards moves up to the elite school Waldzell. Joseph starts 
learning about meditation and the Glass Bead Game, forms a close bond with his newfound 
mentor in the Music Master, and meets a friend and rival Plinio Designori. During their years at 
Waldzell, Joseph and Plinio build a reputation for their fiery public debates. Joseph would 
                                                 
4 Hesse, Hermann. The Glass Bead Game (Magister Ludi). Trans. Richard Winston and Clara Winston. New York: 
Holt, Rinehard, and Winston, 1969. Print. 
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defend Castalia and its culture while Plinio would argue that Castalia lacks the realism of the 
outside world. After Joseph finishes his studies at Waldzell, his “years of freedom” start, which 
enables him to travel around Castalia and further immerse himself in his music studies. During 
this time, Joseph discovers a Chinese hermit, and learns his rituals and the study of the I Ching. 
Later, Joseph incorporates these in his most famous Glass Bead Game during his time as 
Magister Ludi.  The Castalian Board sends Joseph as a sort of diplomat to an outside Catholic 
monastery where he finds another close mentor in Father Jacobus, who healthily debates with 
Joseph about faith and Castalian culture. Joseph’s reputation as a good diplomat and 
representative of Castalia, along with his practically unmatched skill with the Glass Bead Game, 
leads Joseph to his election as the Magister Ludi after the previous one dies from illness. Though 
Joseph reaches the highest level of the Castalian hierarchy, after a few years in office Joseph 
begins to feel the tug of the outside world. His studies of history with Father Jacobus slowly 
make him realize that Castalia will not last if it continues to isolate itself from the outside world. 
Joseph petitions the Board to allow him to do what he wants most: to set up a school in the 
outside world and teach children. The Board denies his request, for he is extremely valuable to 
them, but Joseph leaves anyways. He eventually becomes mentor to his friend Plinio’s son, 
named Tito, and one day the two of them go on a hike into the mountains. Tito and Joseph 
discover a lake, and since the season is late autumn, the water is relatively cold. Tito jumps in 
happily and challenges Joseph to a swimming race. Joseph knows he caught some sort of illness 
while they were climbing the mountain, but he does not wish to admit defeat and jumps in 
afterwards. Combined with the cold, Joseph’s illness severely weakens him and he drowns in the 
lake trying to swim back.  
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 The final part of the book contains “Joseph Knecht’s Posthumous Writings.” The first 
part of the writings is “The Poems of Knecht’s Student Years,” which subject matter ranges from 
desire for a new world, to music, to the Glass Bead Game. The second part is “The Three Lives”, 
which are three stories that are about alternative lives of Joseph. 
 In the first story, “The Rainmaker,” a pagan rainmaker named Knecht lives during an 
ancient time in a tribe ruled by female witches. He befriends a girl Ada, and takes over her 
father’s role as Rainmaker after he passes. Knecht becomes famous among the tribe for his 
successful ability to bring rain at the appropriate times to water the crops and dispose of drought 
spells. Eventually though, as Knecht grows older, demons begin to work against him and his 
powers to summon rain begin to fail. The people in his village begin to fall ill to dysentery, and 
they shun Knecht. Although he tries to remedy the situation, in the end Knecht offers himself as 
a sacrifice in front of the village, and his son becomes the new Rainmaker.  
The second story, “The Father Confessor,” is about Josephus Famulus, a Christian monk 
who lives during the beginning years of the Catholic Church. He acquires among his peers a 
reputation for piety and as a worldly man who sees the ‘light’ and becomes a repentant and 
famous confessor. Later, he feels upset by self-loathing, experiences despair, and considers 
suicide. For help he seeks out another confessor, called Father Dion Pugil. At first, they 
rediscover their faith and work together, but then Josephus realizes that Pugil is similarly 
experiencing despair and has contemplated suicide also. Pugil asks Josephus to start digging a 
grave for him, and Pugil’s despair seems to disappear whenever he sees his own grave. After the 
day Josephus finishes digging the grave, Josephus notices that Pugil does not show up for the 
morning prayer. He goes to the old man’s hut, and finds Pugil dead with a smile on his face. 
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Josephus buries him, plants a tree on the grave per request of Pugil, and lives to see the year in 
which the tree bears fruit for the first time.  
The last story is “The Indian Life,” and it focuses on a boy Dasa and his life in India. 
Dasa is born as a prince, and his father is the Raja of the region. Dasa is just an infant when his 
mother dies, and his father re-marries and has another son, Nala. Nala’s mother wishes to get rid 
of Dasa as soon as she can, while a Brahman of the royal court notices this. For the safety of 
Dasa, the Brahman sends the boy Dasa out of the city with a group of cow herdsmen. Dasa 
grows up among the herdsmen, and one day as a young teen, Dasa decides to explore the forest. 
He comes across a Yogi, and Dasa greatly admires the tranquility seemingly emanating from the 
Yogi’s meditation, but moves on with the herdsmen. Dasa eventually meets a farmer’s daughter 
named Pravati, who he falls so in love with that he abandons his herdsmen and works on the 
girl’s family farm. One day, Nala and his royal guard appear at the farm’s area for they wish to 
hunt in the surrounding forest. When Dasa comes back from an errand, he searches for Pravati 
and he sees her flirting with Nala in his tent. Dasa becomes so furious that he kills Nala with his 
slingshot. On the run, Dasa becomes a fugitive and starts living a nomadic life. Dasa eventually 
comes back to the same forest he saw the Yogi in, and decides this time to start meditation with 
the Yogi. However, he becomes impatient with the technique, and just as he is about to leave, the 
Yogi asks him to get him some water. Dasa goes to a river and scoops up the water in a gourd, 
and when he turns around, he sees Pravati standing there. She tells Dasa that the hunt for Nala’s 
killer is over, and that Dasa is now the respective heir to the throne. Dasa leaves the forest, 
settles down with Pravati, and has a son with her. Though Dasa’s initial years of ruling are 
successful, his inner desire for peace eventually comes to a head with his politics, and he 
unwittingly becomes victim to a war with the neighboring regions. His son, just a boy, dies in the 
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war, leaving an emotionless Pravati and a stricken Dasa. Just as he is weeping over the dead 
boy’s body, he suddenly finds himself, years younger, back in the forest holding the gourd. Dasa 
realizes that he has been living in an illusion that the Yogi implanted into his mind, in order for 
Dasa to experience Maya, or life. He then truly realizes that he does not want to experience this 
suffering inherent in life, and he forever becomes the Yogi’s disciple and never leaves the forest 
again.    
 
ii. The Glass Bead Game and the Sound Design Game 
 
In the fictional history of Hesse’s novel The Glass Bead Game,5 the Glass Bead Game 
arises from groups of musicians and mathematicians who revive their respective subjects after 
they decline dramatically in a previous age.6 The musicians are the first to hang glass beads on to 
the strings of an abacus, where the strings represent the lines of a musical staff, and the beads the 
musical notes. They use the apparatus to represent musical motifs and themes, and try to outdo 
each other with their showcases of musical knowledge.7 Mathematicians then develop the game 
beyond the abacus and add their own symbols to represent formulas. Soon enough, all fields of 
study ranging from philology to architecture form their own versions of the Glass Bead Game.  
Each discipline which seized upon the Game created its own language of 
formulas, abbreviations, and possible combinations. Everywhere, the elite 
intellectual youth developed a passion for these Games, with their dialogues and 
progression of formulas. The Game was not mere practice and mere recreation; it 
became a form of concentrated self-awareness for intellectuals.8  
 
                                                 
5 Hesse, Hermann. The Glass Bead Game (Magister Ludi). Trans. Richard Winston and Clara Winston. New York: 
Holt, Rinehard, and Winston, 1969. Print. 
6 Hesse, 18.  
7 Hesse, 31-32. 
8 Hesse, 33. 
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Similar to the game, the Sound Design Max/MSP program is a combination of different 
categories, though they all belong to sound. The program’s user can take sounds from Nature, 
City, Speech, and Music and arrange them in unique ways since there are eighty different sounds 
in total.  
 Due to the circumstances of the Glass Bead Game’s origin, there always exists within the 
game a duality of mathematics and music.  This duality acts as a metaphor for the recurring 
moments when Joseph Knecht feels torn between the ‘real’ world (math), and the secret 
Castalian Game-centered world (music). Knecht states that the spirit of the Game lies somewhere 
between that of reality and magic.  
…in the spirit of the Glass Bead Game…Every transition from major to minor in 
a sonata, every transformation of a myth or a religious cult, every classical or 
artistic formation was, I realized in that flashing moment, if seen with a truly 
meditative mind, nothing but a direct route into the interior of the cosmic mystery, 
where in the alternation between inhaling and exhaling, between heaven and 
earth, between Yin and Yang, holiness is forever being created.9 
 
The fact that the Game depends on the player to continuously draw connections between all 
aspects of human study and life, moves the Game from that of pure information and order into 
the realm of imagination and universal human spirit. Knecht quotes the following from one of his 
favorite authors. 
Nothing is harder, yet nothing is more necessary, than to speak of certain things 
whose existence is neither demonstrable nor probable. The very fact that serious 
and conscientious men treat them as existing things brings them a step closer to 
existence and to the possibility of being born.10 
 
The Sound Design Game is orderly and logical in its layout and function. Groups of sounds 
belong to different channels, and the program ensures that there are not any repeated sounds 
within their respective sets. Numbers represent both sounds and channels, and the player moves 
                                                 
9 Hesse, 119. 
10 Hesse, 8. 
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the sounds from speaker to speaker by moving their respective numbers within the program. 
However, once the user sits in the middle of the speakers and listens to the layered sounds, the 
affects on the mind become harder to put into words. Each user’s method in organizing the 
sounds thus makes each experience unique. The mind will instinctually bring forth different 
emotions, depending on the sounds, and the senses that deal with visual function and the 
computer program itself will take the backseat temporarily.  
At first, the Glass Bead Game follows a stringent set of rules for each field of study. 
Although connections are possible, there are not a common set of conventions among games.  
 
…what it lacked in those days was the capacity for universality, for rising above 
all the disciplines. The astronomers, the classicists, the scholastics, the music 
students all played their Games according to their ingenious rules, but the Game 
had a special language and set of rules for every discipline and subdiscipline.11 
 
Later, an unspoken demand grows among the disciples of the game “for philosophy, for 
synthesis.”12 This leads to a musicologist, and master of the game, to remove constraints from 
the game by creating the game’s first universal language. 
 
He invented for the Glass Bead Game the principles of a new language, a 
language of symbols and formulas, in which mathematics and music played an 
equal part, so that it became possible to combine astronomical and musical 
formulas, to reduce mathematics and music to a common denominator, as it 
were.13 
 
 
The language brings a new dimension to the game for the players, and this compares to how a 
participant may consider the Sound Design Game an improvement over music. At a live musical 
                                                 
11 Hesse, 36. 
12 Ibid. 
13 Hesse, 37. 
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concert, the performers usually play on a stage while the audience members sit in front, and the 
sound comes from one source. Some who study music suggest that this limits the music in terms 
of spatial use.14  The Sound Design Game contains four speakers that surround the user. With the 
program at hand, the user can participate in creating the sounds, and simultaneously experience a 
private concert that makes more use of the surrounding space.  Just as the Glass Bead Game 
becomes a natural “form of concentrated self-awareness” to the intellectual mind, the Sound 
Design Game utilizes the user’s awareness of multiple sounds. This awareness is natural, and 
traces back to the evolution of sound interpretation within the human brain.   
 
 
 
 
 
                                                 
14 Bianchi, Frederick. "Integrating Sound, Space, and Evolution." Web. <http://pdfcast.org/pdf/evolution-of-human-
hearing>. Worcester Polytechnic Institute. 11-13.  
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V. Evolution  
i. Primate Relatives and Monkey Vocalizations 
 
The human ability to utilize past experiences and create new ways of communication and 
art is present in both the Sound Design Game and the Glass Bead Game. As described in The 
Singing Neanderthals,15 written by Dr. Steven Mithen, this ability traces back to the origins of 
the Homo sapiens. The relatively close evolutionary relationship between the hominids and their 
primate cousins reveal that the natural use of conversation and music in the primates’ habitats 
directly influences the modern view of the human auditory system’s evolution process. 
 In the primate taxonomy, the genus Homo branches from its closest surviving relatives, 
the African Apes, between 6 and 5 million years ago. The three species under the name African 
Ape are the gorilla, the bonobo, and the chimpanzee, and the societal rules of the apes contain 
the closest ties to language and music in human society. This connection, however, is subtle 
when comparing ape and modern human vocalizations. Monkeys on the other hand, which only 
share a common ancestor with humans around 30 million years ago, have a diverse toolbox of 
calls that are seemingly more akin to human speech and music.16 
The communication systems of monkeys do not directly relate to human musical origins, 
but the motives behind their peculiar manners offer clues about the parallel behavioral growth of 
the earliest hominids.17 The lifestyles of three species of monkeys, vervet, gelada, and gibbon, 
are the best examples of the integration of language and music in monkey societies. This is due 
                                                 
15 Mithen, Steven J. The Singing Neanderthals: the Origins of Music, Language, Mind and Body. London: 
Weidenfeld & Nicolson, 2005. Print. 
16 Mithen, 107. 
17 Ibid. 
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to the variety of the vervet and gelada calls, and the similarity of gibbon calls to the human 
perception of singing.18 
The vervet monkeys live throughout the southeastern region of Africa, but the 
communities in Tanzania stand out due to their unique alarm calls.19 These monkeys use 
different alarm calls for each kind of predator, and each call is associated with a certain type of 
behavior.20 
 
At the sight of a leopard, a monkey barks loudly while running into the trees…If a 
predator is an eagle, the alarm call will be a short-double syllable cough. On 
hearing this, the monkeys will look up, and if necessary run for cover.21 
 
 
These exclamations are probably not like human words, which individually refer to specific 
entities. Instead, the calls are more analogous to complete messages that the monkeys use to 
manipulate each other’s behavior.22 
While the vervet monkeys use their calls only in times of distress, the gelada monkeys in 
the Ethiopian mountains use their calls in all sorts of social interaction. These interactive 
activities include greeting and grooming each other and competitions over mates.23 The gelada 
calls range from grunts to high and low pitched calls to fricatives (sounds involving friction in 
the vocal cavity, like saying the letter ‘f’). They also vary in rhythms and melodies, such as 
staccato rhythms (short burst), glissando rhythms (sliding), and melodies with evenly spaced 
musical intervals between calls.24 While the vervets only communicate through bursts of 
emotion, the geladas can use their calls to resolve emotional conflicts.  
                                                 
18 Ibid. 
19 Ibid. 
20 Mithen, 108. 
21 Ibid. 
22 Mithen, 108-109. 
23 Mithen, 109-110. 
24 Mithen, 110. 
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As he [gelada adult male] approached the females, he produced…a fast, long 
sequence of sounds with a steady rhythm and melody, which was clearly a sign of 
a friendly approach and positive emotion. But the gelada also added…an 
exaggeration of the higher frequencies, caused by a tongue constriction at the 
back of the mouth…the male gelada found a means to approach the females 
without making them fearful while also expressing to them his angry state.25 
 
 
As shown, the ability of the geladas to use both ‘soft’ and ‘hard’ calls illustrates their capability 
to express mixed emotions.  
 The expressions of different emotions by both vervets and geladas lead to variations in 
pitch in their calls. This pitch variation also occurs in human speech, which may explain why 
generic monkey chatter sounds similar to human conversation.26 From the observations of certain 
experiments,27 many human adults and children can identify the particular emotions in the 
diverse calls from the Macaque monkeys. When the adults and children only use a single word to 
try to express emotions, the waveforms of their sounds are strikingly similar to those of the 
monkeys’ calls.28 This similarity most likely originates from the early years of a human’s or 
monkey’s life, where the mother conveys different emotions to the infant through utterances, and 
these survive in the memory throughout the child’s entire life.29 
 Among primates, the calls of the gibbon monkeys in the rainforests of Borneo sound the 
most like music to the human ear. These musical calls, or “gibbon songs”, are different for each 
species of gibbon, and the monkeys biologically inherit their specific songs from their 
ancestors.30  
                                                 
25 Mithen, 108-111. 
26 Mithen, 111. 
27 Ibid. 
28 Ibid. 
29 Mithen, 111-112. 
30 Mithen, 112. 
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Male and female gibbons ‘sing’ alone both before and after mating and many couples ‘sing’ 
duets.  
 
 
The female song is referred to as the ‘great call’. It can last for anything between 
six and eighty minutes, and is typically a rhythmic series of long notes uttered 
with an increasing tempo and/or increasing peak frequency…Males produce one 
of several distinct types of phrases, which often become increasingly complex as 
the song bout proceeds.31 
 
 
This call sequence may serve many functions for the monkeys, which include the capabilities to 
reinforce their relationship, announce to the community that they are a couple, and to warn other 
gibbons not to trespass into their territory. Perhaps most importantly, the gibbons’ relationship is 
monogamous and their call response is essential for them to keep up their reproductive success.32 
The use of instinctual emotion in human and non-human primate behavior strongly 
suggests that emotion is a key to uncovering the behavioral development of the earliest 
hominids.  In the Sound Design Game, the user listens to layers of sound and then reorganizes 
the audio in physical space. This involves both the user’s current emotions and whatever new 
emotions the sounds bring forth in the user’s mind. Similarly, in the Glass Bead Game, the 
player chooses themes to network together, and thus portrays to competitors and audience 
members the ongoing emotions in the player’s subconscious. Since the sounds and themes come 
from different lifestyles and parts of the world, the user/player communicates with the world and 
with humanity. This emotional communication is an inherent part of human behavior, and clings 
to roots that originate from the earliest hominids’ methods of communication.  
 
 
                                                 
31 Ibid. 
32 Mithen, 113. 
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ii. Hominids and Ape Vocalizations 
  
While the observations of monkey calls and associated manners may shed some light on 
the behavioral reasons behind hominid vocalizations, the physical vocalizations themselves most 
likely resemble those of the African Apes due to the closer evolutionary ties.33 The three groups 
of African Apes are the chimpanzee, gorilla, and bonobo, and all of them have in effect the same 
range of calls. The most vocal calls come from adult males; screams occasionally come from 
subordinates subject to aggression from dominant members; and laughter from younger apes 
when playing is distinct in pitch from adult vocalizations. In fact, the similarities between groups 
are so striking that except for a higher pitch, the bonobo vocalizations are the same as those of 
the chimpanzee.34 
 For chimpanzees, the most common call is the “pant-hoot.”35 The apes use this call in 
various social situations, such as when an individual returns to the group or when strangers from 
another community are present, and thus the vocalization follows a certain auditory format in 
order to allow clear communication.  
[The pant-hoot calls] vary between two and twenty-three seconds in length. They 
often involve a brief introduction consisting of unmodulated elements, which then 
become increasingly shorter and louder. These build to a climax – one or several 
long, frequency-modulated elements which resemble a scream. The pant-hoot 
then concludes in a similar fashion to its build-up.36 
  
Furthermore, the pant-hoot calls divide into long-distance and short-range calls. While the long-
range calls are a means of identification in order to establish territorial boundaries between 
                                                 
33 Mithen, 113. 
34 Mithen, 113-114. 
35 Mithen, 114. 
36 Ibid. 
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members, short-range calls are grunts that aim to maintain hierarchy in the chimpanzee 
community.  
Similar to the chimpanzee calls, the gorilla calls are primarily social in nature. However, 
gorillas tend to be more vocal than chimpanzees, and a single gorilla will call “about eight times 
every hour rather than just twice.”37 The ‘double grunt’ is the gorillas’ most frequent call and 
unlike other primate calls, the gorilla shuts its mouth when it produces the grunt. The name, 
‘double grunt,’ is due to the particular use of the grunt in call and response situations.  
 
The ‘spontaneous’ double grunt is relatively high-pitched and is made after a 
period of silence; the ‘answer’ is lower in pitch and is given by another animal 
within five seconds of the first call.38 
 
 
These grunts are the main methods of communication when the gorillas feed, rest, and travel on 
foot. Every gorilla has a distinct double grunt, and this allows individuals to find or stay clear of 
each other using only their ears.39 
 The particular lifestyles of the different primates allow for predictions about the aspects 
of hominid behavior. If a hominid sees a predator, it may likely feel fear and warn its 
companions with a particular cry. If the hominid sees a familiar face, it may use a mixture of 
‘soft’ and ‘hard’ hoots and grunts to express friendliness. Finally, if the hominid sees a potential 
mate, it may use song to attract the mate and increase its chances for reproductive success. Like 
their primate relatives, hominids must have the ability to process and differentiate calls and 
sounds from their companions and from the surrounding environment. Except for assistive 
technology, this ability is still essential for the human lifestyle. In both past and present, the 
                                                 
37 Mithen, 115. 
38 Ibid. 
39 Ibid. 
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human ear and brain interprets auditory information from the world through the principle of 
auditory scene analysis.  
 
iii. Auditory Scene Analysis 
 
 Similar to how early hominids and their primate cousins use the sense of hearing to 
understand the calls of their companions, humans today still use this sense to navigate through 
the daily bombardment of auditory information.  An average human adult standing in the middle 
of a bustling city, for instance, may hear automobile engines, music from street performers, and 
multiple languages all at the same time. Yet, the person’s brain can process and identify each 
sound as a separate entity. This inherent ability is what psychologist Albert S. Bregman calls 
“auditory scene analysis” in his book Auditory Scene Analysis: The Perceptual Organization of 
Sound.40 Auditory scene analysis is the process in the human brain that interprets and utilizes 
auditory sounds, streams, and grouping techniques in order to derive meaning from the events of 
the everyday multi-layered auditory environment.  
 In terms of information retrieval, the most significant aspect of the human auditory 
process is not the biological affects of sound waves on the middle ear, but rather the 
psychological perception of a sound’s properties. Somewhat ironically, there are two ways to 
perceive the perception of audio: how the auditory system builds a picture of the environment 
from sounds, and how the environment creates the sounds that travel to the human ear.41 In either 
case, perception depends on the properties of a sound, which include pitch, loudness, and 
                                                 
40 Bregman, Albert S. Auditory Scene Analysis: the Perceptual Organization of Sound. Cambridge, MA: MIT, 1990. 
Print. 3.  
41 Bregman, 1. 
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timbre.42 In a sound wave, pitch is the frequency and loudness is the amplitude/volume. When 
someone plays a piano, for example, the keys on the right side will have a higher pitch than the 
keys on the left. The more force the player applies to the keys, the louder the output sound will 
be. The timbre is the tone color of the sound, which depends on the shape and mechanical parts 
of the instrument.43 If a pianist and guitarist simultaneously play a note on their instruments and 
the notes have exactly the same pitch and loudness, the two tones will still be discernible from 
each other due to their different timbres. In the “cocktail party effect,” a person can hear a 
familiar voice from the other side of a room even if the room is noisy and crowded. Despite all 
the different pitches and loudness values coming from the voices of the crowd, the human brain 
can remember the distinct timbre of a human voice and separate it from other information.44 
 The brain’s ability to isolate and receive relatively important information from a 
perceptual sound, and simultaneously reject ‘noise’, is the basis behind auditory scene analysis.45 
This analysis allows humans to group together properties of a previously unheard sound in 
certain combinations that resemble other familiar sounds. As Bergman states: 
 
The difficulty…is that the evidence arising from each distinct physical cause in 
the environment is compounded with the effects of the other ones when it reaches 
the sense organ. If correct perceptual representations of the world are to be 
formed, the evidence must be partitioned appropriately.46 
 
 
This partitioning capability of the brain to break up the components of a sound usually starts 
during a human’s infant years. If a mother talks to her baby while rocking the baby’s cradle, the 
baby instinctually focuses on the mother’s voice and separates it from the cradle’s squeaking 
                                                 
42 Bregman, 2. 
43 Ibid. 
44 Ibid. 
45 Bregman, 3. 
46 Bregman, 6. 
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noise.  Through evolution, the baby ‘knows’ that the mother can provide all the needs for 
survival, while the cradle cannot.47 
 Though auditory scene analysis applies to the physical representation of sound and its 
properties, the process can also apply to the perceptual representation of an auditory stream. An 
auditory stream can contain more than one sound and involves the grouping of all the properties 
of the sounds.48 While both humans and other animals can receive and interpret individual 
sounds, streams are human brain specific objects that contain organizations of sound with certain 
associative meanings.49 For instance, if a person hears the sentence “the gray wagon is on the 
black road,” the sentence is a stream, and each syllable is a sound. With knowledge about the 
syntax of the English language, the person will know that the road is black and not gray because 
of the way the syntax teaches the brain how to group the syllables into separate words.50 
 A discussion about the mental process of separating information into meaningful 
interpretations eventually leads to the concept of exclusive allocation. This is when two or more 
combinations of the information given are equally viable, and the brain cannot simultaneously 
perceive both of them in the same form.51 
    
 
       
     
  
 
 
                                                 
47 Ibid. 
48 Bregman, 10-11. 
49 Bregman, 11. 
50 Ibid. 
51 Bregman, 12. 
Figure 1 – Visual Exclusive Allocation. (Wikipedia)  
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An example of visual exclusive allocation is the illusion in Figure 1. If a person focuses 
on the white part of the figure, the outline of a flower vase becomes clear. If the person focuses 
on the black part, then the outlines of two human faces stand out instead. Similarly, in auditory 
exclusion allocation, the human brain can rearrange a group of tones to change the perceived 
auditory form.52 This rearranging is a significant part of the Sound Design Game, which also 
requires the user’s brain to use auditory scene analysis to discern individual sounds from the 
multiple audio files output from the speakers. 
 
 
 
 
 
 
 
 
 
                                                 
52 Bregman, 16. 
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User facing forwards 
Speaker 1 Speaker 2 
Speaker 4 Speaker 3 
Figure 1 – Arrangement of speakers in respect to the user 
VI. The Sound Design Game 
i. Overview 
 
The visual programming language Max/MSP, which allows the manipulation of music 
and multimedia, codes the Sound Design IQP computer program. The program allows the user to 
listen to a layered, surround-sound collection of audio clips while simultaneously participating in 
a game. The object of the Sound Design Game is for the user to move different sounds from one 
speaker to another and create unique combinations of audio layers.  
 
 
 
 
 
 
 
 
The user starts playing the game by first sitting in a chair in the middle of the four 
speakers. The computer program is on the hard disk of a laptop, and the user positions the laptop 
on a table in front of the chair. The user first opens up the program, and then clicks on a virtual 
button labeled “Round 1” on the top of the window. Immediately, four sounds will play through 
the speakers. There is also a replay button, and the user can hear the same four sounds again by 
clicking it. Next, the user clicks the button labeled “Round 2” in the middle of the window, and 
now eight sounds play through the speakers. The first four sounds are the same as before, while 
the second set of four sounds are new. Finally, the user scrolls the window over to the 
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“Organization Section.” In this section, the user clicks on send and receive buttons to move the 
sound numbers in the program, and thus move the sounds physically from one speaker to 
another. When the user clicks the replay button again, the new arrangement of sounds will now 
play through the speakers. There are storage banks available for the user to keep desired sound 
arrangements, and the user can click the “Round 1” and “Round 2” buttons again to repeat the 
entire process.  
The user’s strategy in how he or she combines the audio layers illustrates the user’s level 
of creativity and expertise in respect to the game. In front of an audience, two jazz guitarists can 
attempt to outdo each other by playfully exchanging improvised solos, which follow a loose set 
of rules from jazz musical theory. Similarly, two or more users of the game can play within a 
certain set of rules, and compete with each other in respect to their understanding of the game 
and the tools they implement using their imagination. Like with the Glass Bead Game players, 
experienced users of the Sound Design Game have to learn about various academic subjects and 
human lifestyles in order to innovate and create connections between seemingly dissimilar 
sounds.  In addition, the game’s users can compete in front of an audience, which adds to the 
level of interactivity in the game. This interaction involves the universal human familiarity with 
life’s sounds and thus makes the audience feel that they are actually a part of the musical 
experience, and not just outside observers.  
The mechanics in the Sound Design Game that enable the users to create their strategies 
involve a basic structure of rules. The game contains two rounds, where four sounds play in the 
first round, and an additional four sounds layer on top of the previous set in the second round. 
Each sound belongs to one of four categories, nature, city, speech, or music. There is a channel 
number for each category and a sound number for each sound. For the channel numbers, 1 is 
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nature, 2 is city, 3 is speech, and 4 is music. There are twenty sounds per channel, and each 
sound is assigned a number between 36 and 55. In the first round, there is one channel per 
speaker, and the order is random. There is one sound per channel, and the sound is random as 
well. In the second round, another set of four channels add unto the previous set. At the end of 
the second round, there are two channels and two sounds per speaker, and all eight sounds are 
different.  
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ii. Max/MSP Language 
 
The basic building blocks of Max/MSP’s language are patches, patch cords, number 
boxes, and the “bang” command. Patches are sub-programs in Max that vary by the hundreds in 
their functions. Every patch looks like a text box, which contains its name, and on the top and 
bottom of the box are inlets and outlets. To create a patch, the programmer clicks the generic 
patch box option and types in the name of the patch as well as any numerical arguments 
involved. Patch cords are wires that connect patches together and transfer data between them. 
The programmer forms the wires by clicking on a patch’s outlet and then clicking on another 
patch’s inlet, and may color-code them to facilitate organization. When patches transfer numbers 
to each other, the programmer can put a number box in between the patches, which displays the 
number transferred. The “bang” command is Max’s way of saying “do it,” and patches receive 
and send bangs through patch cords in order to activate each other. The “button” patch’s sole 
purpose is to send out a bang, which is why it is most often the first step in starting a program. It 
looks like a circle that flashes yellow when a programmer/user clicks on it.  
 
 
 
 
 
 
 
Figure 2 – Main features of the Max/MSP visual programming language 
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The following description of the game’s mechanics may be difficult for a reader, with no 
experience in Max/MSP, to understand completely without visual aid. As such, there are figures 
in this paper, as well as screenshots of the whole program in Appendix A.  
 
iii. Program Mechanics 
    The user starts the first round of the game by clicking on a large button, called the “load 
button,” at the top of the program. When the user clicks on the button, it sends out a bang to the 
first patch, called “load bangbang.” The generic patch, “bangbang,” has one inlet and a custom 
amount of outlets, according to its argument. After bangbang receives a bang, it sends out a bang 
from each outlet in the order of right-most outlet to left-most outlet.  
Load bangbang contains two outlets. The left outlet connects to the “replay” button, 
which receives a bang, and sends the numbers representing the channels and sounds to another 
patch that converts them to sound. Clicking on this button will replay the current audio setup, 
while clicking on the load button again will create another set of sounds and overwrite the 
current setup. Load bangbang’s right outlet connects to two more bangbang programs: “channel 
bangbang” and “sound bangbang.”  
 
 
 
 
 
 
Figure 3 – The “bangbang” patch and its custom variable (18), which 
determines the amount of outlets. After bangbang receives a bang, it then 
sends out bangs in the order of right-most outlet to left-most outlet. 
First outlet 
Second outlet 
Third outlet, etc. 
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Channel bangbang contains 18 outlets, and its function is to create four channel numbers 
for Round 1 and four additional numbers for Round 2. The first outlet of channel bangbang 
serves two roles, where the first is to send a zero into each of the channel and sound number 
boxes. This sends zeroes to the sound output first, so when the user clicks the load button, zeroes 
replace the previous set of sounds and only the current set play through the speakers.  The second 
role of channel bangbang’s first outlet is to send the “clear” message to the “urn” patch. Urn 
sends out one random number for each bang the patch receives, without repeats. The random 
number is inclusively between 0 and the argument minus 1. For instance, if urn’s argument is 4, 
then urn can send out a 0, 1, 2, or 3, but each number only once. After urn sends out each 
number, the patch ceases to send out numbers with subsequent bangs. If urn receives the “clear” 
message, it will restart its internal counter and send out numbers again whenever it receives 
bangs. In its overall purpose, urn creates a new set of numbers each time the program loads, 
while preventing numbers from repeating within their sets. To create the channel numbers 1, 2, 
3, or 4, the urn patch connects to the “addition” patch. This addition patch has an argument 1, so 
whichever number addition receives, it will add 1 and output the new number. If urn outputs 1, 2, 
0, and 3, then addition will output 2, 3, 1, and 4.  
 
 
 
 
 
 
Figure 4 – The “urn” and “addition” patches. Together these output a 
random order of 1, 2, 3, and 4. The “clear” message restarts urn’s internal 
counter. 
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With the correct range of numbers, the urn and addition programs then connect to the 
four “int” programs, which store and send out numbers. Int contains two inlets, where the right 
inlet receives a number and only stores it, while the left inlet send outs the stored number to a 
number box after int receives a bang.  While the numbers that urn and addition send out store 
themselves in int, the other outlets of the channel bangbang patch retrieve the numbers through 
bangs. Since each number from urn/addition goes to all four ints simultaneously, the bangbang’s 
outlets have to switch off between banging urn and banging each int. This ensures that the 
number only stores in its respective number box. For instance, to get the four channel numbers 2, 
3, 1, 4, channel bangbang’s second outlet bangs urn/addition to send 2, the third outlet bangs the 
first int to store 2. The fourth outlet bangs urn/addition to send 3; the fifth outlet bangs the 
second int to store 3. The sixth outlet bangs urn/addition to send 1; the seventh outlet bangs the 
third int to store 1. Lastly, the eighth outlet bangs urn/addition to send 4, and the ninth outlet 
bangs the fourth int to store 4.  
 
 
 
 
 
 
 
 
As seen in Figure 5, there is an additional row of int patches below the original set that 
connect to the urn and addition patches. These contain the same numbers as the first set, but the 
left inlets connect to the replay button. The purpose here is to send all the numbers 
Figure 5 – The “channel bangbang” section of the Round 1 program. 
The number boxes and “int” storage patches connect to the “bangbang,” 
“urn,” and “addition” patches. 
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simultaneously from their storage boxes, through their number boxes, and into the sound output. 
Without the second row of storage patches, the program instead sends each number individually 
to the sound output, which may cause undesired delays in the audio.  
Channel bangbang contains 18 outlets in total. While the paragraphs above describe the 
tasks of the patch’s first nine outlets, there are also an additional eight outlets for Round 2. 
Outlets 10 through 17 serve exactly the same function as outlets 2 through 9, except they create 
four channel numbers for Round 2 instead of Round 1. Consequently, outlets 10 through 17 
connect to another set of urn/addition patches, int storage boxes, and number boxes. The 
eighteenth and last outlet connects to the replay button, which transfers the numbers from their 
number boxes to the sound output.  
The descriptions above focus on the first part of Round 1: the channel bangbang patch 
and its related patches. The second part of Round 1 is the sound bangbang patch, which is 
identical to the channel bangbang patch except for its creation of sound numbers instead of 
channel numbers. The arguments in the urn and addition patches are now 20 and 36 respectively, 
which creates a set of four random numbers inclusively between 36 and 55.  If urn sends out 1, 4, 
8, and 15, then addition sends out 37, 40, 44, and 51.   
The following is an example of the numbers from the channel bangbang and the sound 
bangbang patches in use. If the program outputs channel numbers 2, 3, 1, 4, and sound numbers 
37, 40, 44, 51, then the first speaker plays sound 37 from channel 2, the second speaker plays 
sound 40 from channel 3, the third speaker plays sound 44 from channel 1, and the fourth 
speaker plays sound 51 from channel 4. In Appendix B, a list includes the four different 
categories and the twenty different sounds per category. As seen from the appendix, using the 
numbers above, the program user hears simultaneously a car engine starting from speaker 1, a 
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man speaking Arabic from speaker 2, frog and cricket sounds from speaker 3, and the WPI drum 
cadence from speaker 4.  
The last patches in Round 1 are the channel and sound “storage patchers,” and the 
“Fluidsynth” patch. The generic “patcher” object is a means to create sub-programs, and a new 
window opens automatically once the programmer creates the patch. The amount of inlets and 
outlets on the patcher object depends on the quantity of brown “inlet ports” and blue “outlet 
ports” within the sub-program window. If the window contains four brown inlet ports, which 
labels are 1, 2, 3, and 4, then the patcher object will have four inlets. Similarly, if the window 
contains four blue outlet ports, also with labels 1, 2, 3, and 4, then the patcher object will have 
four outlets.   
  
 
 
 
 
 
 
 
 
 
Since the load button overwrites any current setups, the channel and sound storage 
patchers allow the user to store and retrieve specific sets at any time. The sub-program in Figure 
6 looks the same for both channels and sounds, and contains three other banks (not in figure) for 
storage. If the user clicks the load button and enjoys the current channel and sound sets, the user 
Figure 6 – The storage patcher object. Once the user double-clicks the 
patcher, a new window opens up with the contents inside the dotted lines. 
The amount of inlets and outlets in the sub-program determines the number 
of inlets and outlets on the patcher object itself. 
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can double-click the patcher object to open up the storage sub-program. Then, the user can click 
the top button in the appropriate bank to store the set of channel/sound numbers. Later, the user 
can click the button on the left side of the appropriate bank to send the numbers back out into the 
general program, which will then overwrite the current setup (see Figure 6).  
 
iv. Fluidsynth, SoundFont File, and Organization 
 
The “Fluidsynth” patch and its associated objects are the part of the program that outputs 
the sounds through the four speakers. In both rounds of the game, the patch uses a SoundFont 
file to extract the appropriate sounds. Additionally, the patch serves as the design core of the 
organization section in the second round.  
Unlike the previous patches, the Fluidsynth patch must come from an external source, the 
Fluidsynth project, due to its unique ability to support the SoundFont file.53  The SoundFont file 
is a bank that contains multiple audio samples and allows for properties, such as pitch and 
dynamics, to differ individually for each sample. The samples are in the format of the Waveform 
Audio File Format (.wav), and the audio usually contains digital recordings of real sounds.54  
Appendix B displays the contents of this game’s SoundFont file, which include all the channels 
and sounds that the user may hear.     
Since the SoundFont file uses samples of real sounds, its internal audio quality tends to 
be superior to that of an audio bank in the MIDI (Musical Instrument Digital Interface) format. 
This is because the MIDI format itself does not contain audio signals, but rather messages in the 
                                                 
53 Green, Elimar, David Henningsson, and Pedro Lopez-Cabanillas. "Fluidsynth Project." SourceForge.net. 
SourceForge, 19 Apr. 2007. Web. 06 Nov. 2010. <http://sourceforge.net/projects/Fluidsynth/>. 
54 "FAQ - What Is a SoundFont?" Digitalsoundfactory.com. Digital Sound Factory, 2007. Web. 06 Nov. 2010. 
<http://www.digitalsoundfactory.com/faq.php#SoundFont>. 
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form of code, which a separate synthesizer then converts to sound.55  Since the SoundFont file 
lacks the ability to communicate with a computer interface, the Fluidsynth patch acts as a 
translator that converts MIDI messages from Max into real-time combinations of audio samples 
from the SoundFont file.   
Fluidsynth is a patcher object, and like the storage patcher in Figure 6; its external name 
is “patcher”. The difference is that the programmer can freely change the storage patcher’s 
amount of inlets and outlets, while the Fluidsynth patcher needs to have three inlets and two 
outlets in order to function correctly.  
   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
As seen in Figure 7, there is a Fluidsynth patcher object for each speaker. The right inlet 
of the patcher receives sound numbers from sound bangbang, the middle inlet receives channel 
numbers from channel bangbang, and the left inlet receives the “load message.” The load 
message loads the SoundFont file when the user clicks on it, and thus should always be the first 
step after the program starts. If the user does not click the load message before clicking the load 
                                                 
55 Ibid.  
Figure 7 – The sound output of Round 1 and the four “Fluidsynth” patcher 
objects; one for each set of channels and sounds.  
37 
 
button, then there will not be any audio files for Fluidsynth to retrieve. The user will then only 
see the random channel and sound numbers on the computer screen, and the speakers will not 
output any audio.  
The patch cords coming from the Fluidsynth patcher outputs in Figure 7 are dotted 
yellow and black. This is to indicate that they and their associative objects belong under the MSP 
(Max Signal Processing) category, which means that the data involves real-time audio and not 
just general MIDI messages. The cords connect to the volume control sliders, one for each left 
and right stereo channel per speaker, and then connect from the sliders to the “dac~” object. This 
object converts the digital signals it receives from the Fluidsynth patchers into analog signals that 
output through the speakers as audio. The user can start and stop the audio controller by clicking 
the “start window” and “stop” messages respectively, and can control the actual volume of the 
sound output by clicking and dragging the slider buttons.  
 When the user double-clicks on any of the four identical Fluidsynth patchers, a window 
pops up and displays the contents of the object. Three brown inlet ports represent the load 
message, channel number, and sound number inputs, and two blue outlet ports represent the 
SoundFont data and digital signal outputs.    
  
 
 
 
 
 
 
 
 
 
 
 
Figure 8 – The “Fluidsynth” patcher object and its contents.  
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As seen in Figure 8, inside the Fluidsynth patcher is the MSP object “fluidsynth~.” The 
object takes in a load message that encodes the SoundFont file, a “program” message that 
encodes the channel number, and a “note list” that encodes the sound number; and outputs the 
stereo channels of the SoundFont .WAV file that has the appropriate channel and sound 
numbers.    
The “program” message tells fluidsynth~ which channel number and “program number” 
it should look for in the SoundFont file. The dollar sign (“$”) next to the number 1 in the 
message’s first argument means that the argument is variable, and in this case, represents the 
channel number. The second argument, which is just the number 1, represents the program 
number. The hierarchy in the SoundFont file’s data groups, from highest to lowest rank, is 
program number, channel number, and then sound number. Though the file can technically 
contain more than one program number, there is only one in this particular SoundFont file, so the 
program number stays constant as 1 and is not variable.    
 The third input in the Fluidsynth patcher first sends the sound number into the 
“makenote” object.  The makenote object creates a “note-on” MIDI message, which has a pitch, 
velocity, and duration (in milliseconds). After the amount of time in the duration argument 
passes, the makenote object then sends out a “note-off” MIDI message, which silences any audio 
output. In this program, the sound number is the pitch, while the first argument in the makenote 
object represents the velocity and the second argument represents the duration. The “notein” 
object works together with the makenote object by adding the appropriate pitch and velocity 
labels to the numbers output from makenote. The values and labels of the note-on properties then 
connect to the “pack” object, which combines and outputs the properties as a single list. The 
amount of arguments in the pack object determine the amount of inlets, and the types and values 
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of arguments tell pack how to organize the inputs. Finally, now that pack sends out a list that 
contains the sound number and its velocity and duration values, the “prepend” object adds the 
“note” message to the list in order to tell Fluidsynth that the list it receives contains note 
information.  
 The last portion of the Sound Design Game program is Round 2, or the Organization 
section, which allows the user to move the eight sounds between the four speakers freely. In this 
section, Round 1 is inside the patcher object “Round1-p,” and the channel and sound numbers 
enter Round 2 through the patcher’s outlets.   
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
Figure 9 – The first half of Round 2, the “Eight Sound Interface.”  
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Above, Figure 9 displays the “Eight Sound Interface,” which makes up the first half of 
Round 2. Here, the user can clearly see the eight channel numbers and eight sound numbers that 
Round 1 produces. There are channel and sound storage patchers to store up to four banks of the 
Round 2 numbers, while the user can still load, play, and replay the sounds from Round 1 for 
convenience sake. Below each of the number boxes is the object “send,” which transports its 
numerical input out through the outlet of the corresponding “receive” object (Figure 10). This 
object pair is a valuable organization tool in terms of programming, since numerical values can 
move without the need for patch cords (which in excess use can be visually confusing).  
Usually there are multiple send and receive objects, so the arguments in both objects are 
words that provide a unique title for each pair. In this program, the arguments tell the user 
whether the sending number is a channel or sound number, which speaker the sending number 
belongs to, and whether the number is Round 1 or Round 2 (A or B). For example, in Figure 9, 
numbers 2 and 42 go through “send ch1A” and “send sound1A,” while numbers 4 and 47 go 
through “send ch2B” and “send sound2B.” The titles “ch1A,” “ch2B,” “sound1A,” and 
Figure 10 – The important features of the second half of Round 2, the 
“Number Organization Interface.” The full interface is in Appendix A. 
Copy Numbers 
 Send Button 
 Receive Button 
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“sound2B” are the arguments of the send object, where “ch” stands for channel number while 
“sound” stands for sound number. With “1A,” the number 1 represents speaker 1, while the letter 
A stands for Round 1. With “2B”, the number 2 represents speaker 2, while the letter B stands 
for Round 2. So in this example, the SoundFont .WAV file with channel number 2 and sound 
number 42 (DoorBell.wav) will play through speaker 1 during Round 1, while the .WAV file 
with channel number 4 and sound number 47 (Hindi – Mubarak.wav) will play through speaker 2 
during Round 2. In total, there are sixteen send objects with arguments that range from “ch1A” 
and “sound1A,” to “ch4B” and “sound4B.”     
 The second half of Round 2, the “Number Organization Interface,” allows the user to 
move the numbers representing the channels and sounds from one speaker to another. The 
interface breaks down into four sections, one for each speaker, and each section breaks down 
into two sounds. Figure 10 above illustrates the first sound of speaker 2. Since each sound has a 
channel number and sound number, and there is a receive object for each number, then there are 
sixteen receive objects in total. Since these objects correspond to the sixteen send objects in the 
Eight Sound Interface, the arguments of these receive objects also range from “ch1A” and 
“sound1A,” to “ch4B” and “sound4B.”  
 When the user clicks the Round 1 load button, the eight channel numbers and eight sound 
numbers appear in the appropriate sections of the Number Organization Interface. In Figure 10, 
these numbers move using the “copy numbers,” “receive,” and “send” buttons. Using the int 
objects and number boxes, the copy numbers button copies the pair of channel and sound 
numbers for each sound. This is so that when pairs of numbers move to other speakers and 
replace the previous sets, then instances of the previous sets will still exist. 
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 The send and receive buttons perform their functions by using the four generic send and 
receive objects that each sound of the Number Organization Interface contains: “send sound,” 
“send ch,” “receive sound,” and “receive ch.” Once the user clicks the copy numbers button, the 
user can then click the send button in any sound’s section, and the sound’s numbers will go 
through the send sound and send ch objects. Next, when the user clicks the receive button in a 
different section, the numbers that go through the send sound and send ch objects will come out 
of the receive sound and receive ch objects in the new section and replace the current pair of 
channel and sound numbers. The user can then click the send button in the new section to send 
out the copy of the previous numbers, and repeat the process.  
For example, the user clicks the Round 1 button and hears two sounds in speaker 1, 
Ocean.wav and CarEngine.wav, and two sounds in speaker 2, Thunder.wav and PoliceSiren.wav. 
The user wishes to move Thunder.wav to speaker 1 and to move CarEngine.wav to speaker 2. 
From Appendix B, the channel and sound numbers for Ocean.wav are 1 and 49, the numbers for 
CarEngine.wav are 2 and 37, the numbers for Thunder.wav are 1 and 52, and the numbers for 
PoliceSiren.wav are 2 and 53. First, the user clicks on the copy numbers button to make 
duplicates of the four pairs of numbers. Next, the user looks for the section of the interface that 
corresponds to the second sound of speaker 1 (CarEngine.wav), and clicks the send button. This 
sends the channel number 2 and sound number 37 through the “send ch” and “send sound” 
objects. Then the user looks for the first sound of speaker 2 (Thunder.wav) and clicks the receive 
button. This replaces the numbers of Thunder.wav, 1 and 52, with the numbers of 
CarEngine.wav, 2 and 37. Since a copy of the numbers of Thunder.wav still exists, the user then 
clicks the send button next to the duplicate numbers. Finally, by clicking the receive button next 
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to the second sound of speaker 1, the second Thunder.wav replaces the first CarEngine.wav, and 
the user effectively finishes exchanging the speaker positions of the two audio files.  
If the user clicks the “Round 2 Play” button in the Eight Sound Interface, the new 
arrangement of sounds will play from the speakers. As a final note, the design of the Number 
Organization Interface is due to the positioning of the patcher object in Figure 10. The patcher 
contains the eight Fluidsynth objects for Round 2, and thus requires sixteen inlets for the channel 
and sound numbers. The layout of the interface’s objects and cords is as such in order to 
optimize visual clarity for the program’s user.   
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VII. Conclusion 
 
In summary, the Sound Design Game combines digital messages, real-life audio samples, 
and a means to manipulate the position of audio in physical space, in order to create a musical 
participatory surround-sound experience for the user. This multi-faceted instrument is truly 
another form of self-awareness that artistically challenges the mind to create endless 
combinations of sounds, in spirit of the Glass Bead Game, while utilizing the natural and 
evolutionary tendency of the human brain to separate and discern layers of audio from each 
other.  
The Sound Design Game’s balance of art and science provides foresight into how the 
instrument can continue to evolve in years to come. While this version of the Sound Design 
Game only utilizes four speakers, the game’s idea can expand to the potential use of hundreds of 
speakers. Instead of just enjoying music through headphones or in traditional concert arenas, 
listeners can sit in large rooms where hundreds of speakers surround the listeners in a 360-degree 
fashion. Most importantly, the Sound Design Game allows the ability to create music to become 
more accessible to the populace, and thus redefines music by integrating the art further into the 
everyday human lifestyle.    
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IX. Appendix A 
Screens of Max/MSP Program  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Screen 1 – Overview of Sound Design Game 
Round 1 
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IX. Appendix A cont. 
Screens of Max/MSP Program  
Screen 2 – Overview of Sound Design Game 
Round 2 
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X. Appendix B  
Soundfont Bank – Nature and City 
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X. Appendix B Continued 
Soundfont Bank – Speech and Music 
 
 
